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[Title of Invention] Self- Sustaining Type of Carrier Machine and Automatic Carrier 

Device Based on It 

[Claim 1] A self-sustaining automatic carrier machine which is provided with (1) a carrier 
machine main body which has a vertical shape; (2) two traveling means located on the left and 
right which are disposed on a shaft on the lower part of the carrier machine main body; (3) a 
drive mechanism which operates the aforementioned travel means independently of one another; 
and (4) a self-sustaining means used for stopping which is housed parallel to the aforementioned 
shaft direction when it is traveling, which moves in a direction which is orthogonal to the 
aforementioned shaft direction when it is stopped, which is positioned at the front and the back 
of the travel means and which supports the main body of the carrier machine; and which can 
travel independently when the travel means are operated; 

[Claim 2] The composition of Claim 1 wherein the carrier machine main body can attach, detach 
and replace a container-shaped adapter or an actuator used for operations which houses the 
object being carried on the top part; 

[Claim 3] The composition of Claim 1 wherein it has the following configuration: it is provided 
with two wheels which are used as a travel means and which are disposed on the shaft; it is also 
provided with two small wheels which are disposed at an interval which is located between these 
[first] two wheels; the two small wheels are located at a containment position which is parallel to 
the aforementioned two wheels when traveling so that it is located at a position which is 
orthogonal to the aforementioned wheels when stopped; 

[Claim 4] The composition of Claim 1 or Claim 3 wherein the carrier main body internally 
stores (1) a balancing sensor; and (2) an arithmetic unit which corrects the rotation direction of 
the travel means and the number of rotations of the travel means in a direction which reduces 
the inclination in the forward and back directions which are detected using the aforementioned 
sensor, 

[Claim 5] An automatic carrier device which is configured of (1) a self-sustaining type of carrier 
machine which is configured so that it travels on its own due to the rotation of two wheels which 
are disposed on a shaft; and (2) multiple stations which retain the self-sustaining type of carrier 
machine at an upright position when it has stopped; 

[Claim 6] The composition of Claim 4 wherein the stations are provided with (1) a straightening 
mechanism which resets the balance sensor which is internally stored in the self-sustaining type 
of carrier machine; (2) a terminal which is used to send and receive data; and (3) a terminal 
which is used to charge the internally stored power source batteries. 

[Detailed Description of Invention] 
[Technical Field] 

The present invention relates to a self-sustaining type of carrier machine and to an 
automatic carrier device based on it 
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[Description of the Prior Art] 

Virtually of the robots presently used for carrying are dolly-type models which have three 
or more wheels. This type of robot is advantageous in that it has a low center of gravity, it can be 
operated safety and it can withstand heavy loads. However, despite these advantages, they are 
not suitable as carrier machines particularly in the office automation, maintenance automation or 
the future home automation fields because of the following disadvantages: 

(1) the dollies take up too much space, 

(2) the units are slow, 

(3) they present safety problems, and the like. 

A biped walking type of carrier machine which takes up little space has been disclosed in 
Laid-Open [Japanese] Patent 62-97005. 

(Technical Problems) 

Despite this, in order to put a biped walking type of carrier machine into actual practice, 
an intricate, small and highly sensitive sensor as well as a powerful power source are required 
such that it has artificial muscles and nerves which expand and contract at will in accordance 
with the voltage and other conditions. Currently this type of machine has not yet been 
developed and it was commonly thought that a self-sustaining type of carrier machine which can 
carry out these quick motions could not be realized. 

The present invention takes the aforementioned situation into consideration and has gone 
through a great number of steps. It is an object of the present invention to provide a self- 
sustaining type of carrier machine and an automatic carrier device based on it which has a device 
system which can be used safely even in ordinary rooms and which: 

(1) take up as little space as possible, 

(2) are high speed and can operate quickly and effectively, and 

(3) which do not endanger the operator. 

(Technical Means) 

As a result of carrying out research and development on a means for moving a self- 
sustaining type of carrier machine which attained these objectives, it was found that the most 
efficient device used the same or similar wheels and that by using the appropriate drive control 
system, quick and accurate movements which used inertia and the third law of motion could be 
made possible. 

Thus, the self-sustaining type of carrier machine in the present invention has the 
following characteristics. It is a self-sustaining automatic carrier machine which is provided 
with (1) a carrier machine main body which has a vertical shape; (2) two traveling means located 
on the left and right which are disposed on a shaft on the lower part of the carrier machine main 
body; (3) a drive mechanism which operates the aforementioned travel means independently of 
each another; and (4) a self-sustaining means used for stopping which is housed parallel to the 
aforementioned shaft direction when it is traveling, which moves in a direction which is 
orthogonal to the aforementioned shaft direction when it is stopped, which is positioned at the 



3 



front and the back of the travel means and which supports the main: body of the carrier machine; 
and which can travel independently when the travel means is operated. 

The two travel means on the left and the right correspond to the wheels mentioned 
previously. The travel means are disposed separately from one another on the shaft and 
maintain stability for the shaft direction* Only a balance at the front and rear directions which 
are orthogonal to these is detected by the sensor and may be maintained by controlling the 
number of rotations of the wheels. As a result, this can be called a "one-shaft, two wheel drive 
system" . 

The unit takes up very little space since the carrier machine main body has a vertical 
shape and its stability can be easily secured. In particular, when the device is cylindrical or 
columnar, the direction can be easily shifted by using (1) the inertia moment of the rotation of 
the Z shaft and (2) the balance between the front and rear directions. 

The self-sustaining means for stopping is supported by making the carrier machine main 
body self-sustaining without controlling the travel means. It is a temporary rigger, it is parallel 
to the travel means while traveling and does not get in the way while the unit is traveling. While 
traveling, it changes the orientation of the orthogonal direction and is prevented from tipping 
over at the four points of support by a stop command. 

Thus, a self-sustaining type of carrier machine can be used most effectively by using an 
automatic caitier device which is configured of (1) a self-sustaining type of carrier machine 
which is configured so that it travels independently of the rotation of the two wheels which are 
disposed on a shaft; and (2) multiple stations which maintain the self-sustaining type of carrier 
machine upright so that it can enter and exit. 

(Actions) 

When the carrier machine main body which is configured as indicated above is stood 
vertically and the operator releases his hand from the retaining position, it almost tips over in the 
direction of the turning (forward and backward) of the shaft of the travel means. However, when 
the travel means is operated in the tipping over direction at this point and if the travel speed is 
appropriate, the inclination moves while it is constant. If the travel speed is fast, the inclination 
declines. When the travel speed is further increased, the main body stands vertically and the 
traveling motion can be continued. 

When the carrier machine main body is stopped, it can be made self-sustaining using two 
methods. The first method involves using the aforementioned self-sustaining means used for 
stopping* As a result, it is stable and self-sustaining at the four support points in tandem with 
the travel means and is suited for comparatively long standby situations. The secondj method 
might well be called "dynamic stopping". When the main body is inclined, this incline is 
detected using a balance sensor and is adjusted so that the drive mechanism is activated and the 
inclination is reversed. However, this method consumes motive power so that it can be used 
when the unit is stopped for short periods of time. The carrier machine main body is controlled 
so that it can be moved from one point to another and the multiple stations are disposed at key 
points for this purpose. These stations accept [an object to be carried] when the self-sustaining 
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type of carrier machine is maintained in an upright position. When [ah object to be carried] is 
sent off, that space is maintained simultaneously so that when it is at a station, the self-sustaining 
type of carrier machine requires neither a self-sustaining stopping means or dynamic stopping 
monitoring. 

The object being carried is held by a retaining means which is mounted on the carrier 
machine body in either a fixed or a replaceable fashion and it is carried from one station to 
another. 

(Practical Embodiment of the Invention) 

We shall describe the present invention referring to diagrams. The carrier machine main 
body 10 is indicated in Figure 1 through Figure 3. 1 1 is the cylindrical body, 12 is the travel 
means which is placed on the bottom end of this and two wheels 12a and 12b are disposed at a 
distance from one another on the left and right on the single shaft 1 . 13a is a left wheel drive 
motor, while 1 3b is a right wheel drive motor. These motors are drive means which activate the 
travels means independently of one another. 

14 is a self-sustaining means used for stopping and is equipped with two inner riggers 
14a and 14b with small wheels attached. Inner riggers 14a and 14b are positioned inside the 
aforementioned wheels 12a and 12b. The shaft can rotate around a vertical shaft between a 
position which is parallel to the aforementioned shaft 1 (while traveling) and a position which is 
orthogonal to this (when stopped). The aforementioned vertical shaft also serves as a drive shaft 
14c for inner rigger drive motor 14d. Please see Figure 4. 1 5 indicates the attachment part cover 
for the travel means 1 2. 

16 is a means which is used to retain the object being carried. It is placed on the top of 
the carrier machine main body 10. The figures (Figure 1 through Figure 3) indicate the container 
shaped adapter which houses the object being carried when it is attached. An actuator- which is 
provided with an arm and a hand which clamp the object being carried independently of the 
retaining means— is provided and used for replacement purposes. 

17 is a balance sensor and 18 is an image. The balance sensor 17 is placed so that it can 
quickly and accurately detect slight inclinations in carrier machine main body 10. It can be used 
for a method which is used to detect inclinations using a rotary encoder which has a combined 
gyro and a pendulum. The image sensor 1 8 is used to distinguish objects and to measure 
distance. It is combined with balance sensor 17. 

19 is a command receiving control device. Its function is to (1) process commands 
received from station 21 by wire or by radio while traveling as well as data received from an 
inductive line; (2) carry out processing when the unit is approaching humans and objects; and (3) 
analyze data from the balance sensor. It carries out output control to motors 13a and 13b which 
are used for traveling according to the processing input and to motor 14d which is used for the 
inner riggers. An internally stored CPU which is used to control these may be combined with a 
built in voice synthesizer if necessary. 
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20 is a power source battery. It provides electrical power for each of the elements above 
and for the device itself. The battery itself is charged at station 21. The battery used should be 
light weight, it should be resistant inside the bottom part and should have high speed charging 
characteristics. 

Station 21 retains the self-sustaining type of carrier machine 10 with one, two or more 
bases while it is upright so that it can enter and exit. It may be placed on the side of the wall and 
the corridor as well as on the side of a table. One or more sets of recessed part 22 used for 
retaining are provided on the top and on the bottom. The aforementioned station 21 is a strong 
point for moving the carrier machine main body. When it has fulfilled its duty, it is set so that it 
comes on the scene when trouble arises and carries out two other functions in addition to 
providing the target location. 

One of these functions is to correct the position or posture of the carrier machine main 
body 10. 

The vertical state of the carrier machine main body is detected by the balance sensor 17, 
however, it corrects the posture at station 21 before errors accumulate over time and it is no 
longer able to maintain a vertical state. As a result, verticality is provided when there is 
magnetic suction on upper and lower retaining recessed pieces 22 and the interior sensor is reset 
and corrected. 23 is an electromagnet with polar inversion capability; 24 is a terminal which is 
used to send and receive data. 

The second function is to provide electrical power. It is provided with a terminal which 
is placed on the side of the carrier machine main body 10 and a charging terminal which is 
connected to this and sends a charging current. 26 is an inductive line which is placed on the 
floor as an inductive means. The inductive means may be the radio control type, the 
electromagnetic induction type, the optical type, the infrared type, the magnetic tape type (the 
one provided in the example) and any others which are currently being used. However, the 
moving speed is fast and the detection range is narrow so that the direction of the unit as it 
moves ahead and its moving speed can be controlled by using the system control. 

Operations 

Figure 7 (a) through 7 (h) show the unit when it travels and stops. Figure 7 (a) indicates 
the unit when it is upright due to "dynamic stopping" which was described in the previous item 
(Actions). Figure 7 (b) through 7 (g) indicate the unit when the time that it starts to travel up 
to just before travel is completed. Figure 7 (b) indicates the wheels when they are turned in a 
reverse direction in order to provide a tilting angle for the direction in which the unit is traveling. 
Then, the wheels are turned in the direction in which the unit is traveling, the unit goes into 
travel mode (c), goes into constant speed travel mode (d), accelerates when the inclination is 
large (f) and decelerates when the inclination is small (f). When a stop command is received, the 
unit accelerates for a short time, then tends to reduce the inclination and decelerates as it declines 
until right before the unit stops (g). It stops wheels from turning once it is in a vertical position 
and sets the inner riggers (h). 



Figure 8 shows how the unit is suddenly braked. 

In Figure 7 (d), when a command for sudden brake is received, (Figure 8, (a)), the turning 
of the wheels is abruptly accelerated, the carrier machine main body is activated (b), the wheels 
are suddenly stopped in the negative direction, the unit is oriented to the vertical state by the 
inertia on the top of the carrier machine main body and the inner riggers are set. (d). The 
changing of direction is indicated in Figure 9. 

In the same figure (a), the unit is proceeding straight ahead. The number of rotations for 
the right side wheel is reduced relatively and it turns to the right (b). When this is repeated (c), it 
goes into reverse and advances directly. It makes a U-turn by stopping the wheel on the left (d) 
or it makes a left turn by stopping the wheel on one side for just an instant (e). When the unit 
again slows down while advancing directly, both left and right wheels are turned in the opposite 
direction and a reverse motion can be made on the spot (f). This on-the-spot reverse can be 
carried out while the inner riggers are brought out. 

Handling Externa) Force 

When an external force is applied in the direction of the shaft, the unit can return on its 
own to a certain extent. However, once a limit has been passed, the wheel on one side rises up 
so that (Figure 10 (a)) this is detected using the balance sensor 17. The unit is driven so that it 
accelerates and turns the wheels which make contact with the ground in a direction in which it 
may tip over and these are made to converge. 

Automatic Carrier System 

Figure 1 1 indicates the automatic carrier system based on the self-sustaining type of 
carrier machine 10. The inductive line is provided with a main line 100 and a branch line 101 
which diverges from this. The branch line is introduced to retaining recessed part 22 on each of 
the stations. A keyboard 1 10 is provided for each of the stations. Data are sent from and 
received by the self-sustaining carrier machine 10 through terminal 24 which is used for sending 
and receiving data. All of the stations 21 are configured so that the external part can be J 
controlled using the CPU120 which is used to control the entire unit. 130 is a motive force 
charging power source. At this point, the stations 21 provide lead data for the carrier machine in 
addition to the contents indicated previously. They also operate to send data which have been 
inputted to the carrier machine 10 to the CPU to control the overall unit. 

The carrier machine 10 which is retained at a certain station is in a magnetic suction state 
due to the fixed pole on the carrier and due to the electromagnet 23 on the side of the station. 
The unit is charged and is in a mode where the vertical reset can be made. When a command is 
received from the keyboard 110 indicating "head to specific station", the polarity of the 
electromagnet is inverted and the carrier machine 10 is pushed out. The unit travels along an 
inductive line due to the operations indicated in Figure 7 and it reaches its destination. The 
object carried is housed and it heads to its next destination when the following command is 
received. When a command is received while traveling, the interrupt operations are carried out 
when the command is received and the control device 19 is operated. Then it returns to the 
original operating mode. 
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(Effectiveness) 

The present invention is configured as indicated previously and is effective in the 
following ways. 

(1) The unit is vertical and takes up very little space. 

(2) Its traveling speed is fast and it operates quickly. 

(3) It is light-weight and safe even when it approaches humans 

(4) It is self-sustaining and will not tip over during operations; it does not readily tip over even 
when an external force is applied. 

(5) It is vertical in shape and makes possible rapid movements so that it can be easily used even 
in tight spaces. 

(6) It can travel horizontally and can easily travel on inclined surfaces. 

(7) A data carrier system can be loaded in the earner machine main body and a multi-system 
control system can be easily configured. 

(8) It provides simple carrying operations and has many appkeations including operations 
supervision, guiding, observation, fire prevention and crime prevention since it uses a variety 
of actuators. * ' 

[Brief Description of Figures] 

The figures indicate a practical embodiment of the self-sustaining type of carrier machine and the 
automatic earner device which is based on it in the present invention. Figure 1 is an inclined 
view of the self-sustaining type of carrier machine. Figure 2 is a lateral view of same. Figure 3 
is an frontal vertical explanatory view of same. Figure 4 is the travel means as well as 
a peripheral inclined view of same. Figure 5 is an inclined view of a station. Figure 6 is an 
expanded inclined view of the important parts of same. Figure7 is an explanatory view of same 
indicating traveling and stopping operations. Figure 8 is an explanatory view of the quick 

°P eratl0ns - FlgUre 9 is m ex P lanator y view indicating shifting of directions. Figure 10 
(a) and (b) are explanatory views indicating how an external force is handled and how the unit 
rights [stabilizes] itself. Figure 1 1 is a partial explanatory view of the automatic carrier system 
based on the present invention. 

Captions 

[Figure 1] [Figure 2] [Figure 3] [Figure 4] [Figure 5] 

[no text] [no text] [no text] [no text] [no text] 
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[Figure 7] 

[no text] 



[Figure 10J 
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[Figure 9] 
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[Figure 11] 
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